In the field of magnetic resonance imaging (MRI), besides the main magnetic field and the radio frequency (RF) system, the gradient coils system also plays an important role in signal acquisition. Generally, there are 2 transverse gradient coils and 1 longitudinal gradient coil. In this research, the magnetic field (or gradient) generated by the conventional transverse coil, namely the Golay coil was mapped. The calculation algorithm of the magnetic field generated was written in C-programming language, compiled by the GNU-compiler collection (GCC) and was based on a forward analytical approach by using the Biot-Savart Law. The data was then visualized by Gnuplot. The magnetic field was successfully calculated and plotted using open-source softwares running under Ubuntu operating system and will provide valuable data especially for gradient coil designer.
Introduction
Gradient coils play an important role in magnetic resonance imaging (MRI) since they directly affect the resolution of the signal. There are usually three sets of gradient coils in a MRI system, each generating a magnetic gradient along each orthogonal axis, namely x, y and z. The longitudinal gradient coil will generate a magnetic gradient along z-direction which is derived from the shape of Maxwell coil. The two other transverse gradient coils however consist of double saddle configuration, known as the Golay coil [1] , made up from two saddle coils. The main purpose of gradient coils in a MRI system is to produce a magnetic gradient along each axis, helping in slice selection, frequency encoding and phase encoding. Technically speaking, the gradient would be preferred to be as linear as possible over a large volume. However, due to several constraints such as the inductance and the size of the coil, these few characteristics will have to be traded off with each other.
Methodology
The magnetic field generated by a finite current segment can be calculated using an analytical approach by using the Biot-Savart Law [2] . Any coil shape can be divided into a series of finite current segment and by using the Biot-Savart Law for finite current segment, the magnetic field generated by the coil at any point can be
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Available online at http://www.ibnusina.utm.my/jfs calculated. Equation 1 shows the Biot-Savart Law for a finite current segment [3] with Figure 1 showing the related parameters. The calculation grid for both xy-plane and xz-plane will be the size of (0.4 m X 0.4 m) with a step of 0.01 m. A total of five coil parameters will be varied and simulated accordingly, namely the separation between two saddle coils, a, the length of Golay coil, b (as shown in Figure 2 ), the arc angle of the coil, θ, the radius of the coil, r and the separation between each half of saddle coil, c (as shown in Figure 3 ). For each simulation, only one parameter will be varied while the rest will be fixed at certain value. The C-code of the program would iterate the calculation and export the data into a text file which was then visualized by Gnuplot. Figure 4 and 7, as a increases, the gradient uniformity decreases, the gradient linearity increases whereas the gradient value decreases. From Figure 5 and 8, as b increases, the gradient uniformity slightly decreases almost no change in gradient linearity whereas the gradient value slightly changes. From Figure 6 and 9, as c increases, the gradient uniformity decreases, almost no change in gradient linearity whereas the gradient value decreases. Other results obtained by varying the r parameter and the θ parameter. As r increases, almost no change in gradient uniformity, gradient linearity increases whereas the gradient value decreases. As expected, θ = 120 0 offered the best gradient uniformity among the values of θ. Figure 10 and 11 show the ideal data plot generated. Analytically speaking, if the magnetic field mapping obtained, both experimentally or theoretically (through computer simulation), is as similar to these plots, the better the gradient coil is, in terms of both field linearity and gradient uniformity. 
Results and Discussions
Conclusion
The simulation is considered success with few rooms for improvement including numerical analysis for more accurate gradient calculations, mapping for magnetic gradient values rather than the magnetic field and etc. The simulation also proves to be a great tool and to provide assistance especially to gradient coil designers.
